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Verhältnisses in Mitteleuropa, um die nach ersten Erkenntnissen 
eher schwache parasitische Einschätzung ggf. auch rechtzeitig revi­
dieren zu können. 
Literatur 
BRANDENBURGER. W., 1985: Parasitische Pilze an Gefäßpflanzen in Europa. 
Gustav Fischer Verlag, Stuttgart, New York, 1248 S. 
ÜURAND, E. J., 1913: The genus Kei1hia. Mycologia 5, 6-11. 
FARLOIV, W. G., 1883: Notes 011 the cryptogamic flora of the White Moun­
tains. Appalachia 3, 232-251. 
FUNK, A., 1985: Foliar Fungi of Western Trees. Canadian Forestry Service, 
Pacific Forest Research Center, S. 45. 
KIRSCHSTEIN, W., 1941: De plerisque novis ascomycetibus et paucis novis 
fungis imperfectis. Hedwigia 80, 119-137. 
KORF, R. P., 1962: A Synopsis of the Hemiphacidiaceae, a Family of the Helo­
ti;lles (Discomycetes) causing Needle Blights of Conifers. Mycologia 54, 
12-32.
MAIRE, R., 1927: Champignons nord-africains nouveaux ou peu connus.
Fase. 3. Bull. Soc. Hist. Nat. Afrique du Nord 18, 117-120.
PEACE, T. R., 1962: Pathology ofTrees and Shrubs. Oxford at the Claredon 
Press, S. 373. 
StNCLAl'R, w. A., H. H. LYON and w. T. JOHNSON, 1989: Diseases ofTrees and 
Shrubs. Comell Universiry Press: New York, 2nd edn., New York, 44--45.
W1LSON, M., 1937: The occurrence of Keilhia l.rngae in Scotland. Soc. For.
J. 51, 46-47.
Ko111ak1a11schri.ft: D1: habil. Alfred W11/f. Biologische B1111desa11s1al1 fiir 
Land- 1111d Fors/1\lirlschafl, !11s1i1111 fiir Pfla11ze11sc/1111z im Forsl, Messeweg 
111/2, D-38104 Brm111sc/1111eig 
Nachrichtenbl. Deut. Pflanzenschutzd., 48 (1), S. 4-9, 1996, ISSN 0027-7479. 
© Eugen Ulmer GmbH & Co., Stuttgart 
Recommendations to Conduct and Assess Model Calculations 
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Empfehlungen zur Durchführung und Bewertung von Simulationsrechnungen zur Modellvalidierung 
Von H. Resseler1 ), H. Schäfer1 ), H. Gampp1 ), G. Görlitz1), M. Klein2), Regina Kloskowski3), J. Mani1 ), J. Moede1 ), M. Müller2), 
R. Sarafin1 ), B. Stein4) und R. Winkler4)
Abstract 
The use of simulation models within the registration of pesticides 
has been steadily increasing over the past years. Tberefore, the mod­
els' suitability for the intended field of use has to be thoroughly 
examined. Studies comparing model predictions with results from 
experiments are required for the "validation" of simulation models. 
The precision of the predictions and the range of validity of the tests 
pe1formed have to be demonstrated at the end of tbe validation pro­
cedure. With tbis information, potential users of the model should be 
able to judge if the model is suitable for predictions in the intended 
field of use. 
This paper recommends procedures to conduct simulations for 
model vaUdation. Modelling of pesticide leaching was taken as an 
example. Furthermore, a data base for crop-specific standard sce­
narios is provided. Main aspects described in the recommendations 
are: 
• Requirements for study design and quality of input data.
1) Arbeitsgruppe "Simulationsmodelle" des Industrieverbands Agrar
(Working Group "Simulation Models" of the German Agrochemical Asso­
ciation), Karlstraße 21, D-60329 Frankfurt a. M. 
2) Fraunhofer-Institut l'ür Umweltchemie und Ökotoxikologie (Fraunhofer 
Institute for Environmental Chemistry and Ecotoxicology), D-57377 
Schmallenberg 
3) Biologische Bundesanstalt für Land- und Forstwirtschaft (Federal Bio­
logical Research Center for Agriculture and Forestry), Messeweg 11/12, 
D-38104 Braunschweig 
') Umweltbundesamt (German Federal Environmental Agency), Mauer­
straße 52, D-10117 Berlin 
• Instructions bow to select values for input parameters and how to 
conduct simulations.
• Assessment of the validation results.
Key words: Simulation models, validation, pesticide leaching, rec­
ommendations for model calculations, data base for crop-specific 
scenarios 
Zusammenfassung 
Der Einsatz von Simulationsmodellen im Rahmen von Zulassungsverfahren 
für POanzenschutzmittel hat in den letzten Jahren stetig an Bedeutung ge­
wo1rnen. Die verwendeten Modelle müssen deshalb für ihre Eignung im vor­
gesehenen Anwendungsbereich sorgfältig geprüft werden. 
Zur „Validierung" von Simulationsmodellen sind vergleichende Untersu­
chungen zwischen den vom Rechenprogramm prognostizierten Werten und 
den experimentell erhaltenen Ergebnissen notwendig. Nach Abschluß des 
Vahdierungsversuchs ist die für das Modell ermittelte Vorhersagegenauigkeit 
zusammen mit dem Gültigkeitsbereich dieser Überprüfung anzugeben. Mit 
Hilfe dieser Angaben sollen potentielle Anwender beurteilen können, ob das 
vorliegende Modell für Prognosen im vorgesehenen Anwendungsbereich ge­
eignet ist. 
Die vorliegende Arbeit gibt Empfehlungen zur Vorgehensweise bei derar­
tigen Rechnungen am Beispiel von Modellen zum Versickerungsverhalten 
von Pflanzenschutzmitteln. Ferner wird eine Datensammlung zum Aufbau 
von kulturspezifischen Szenarien zur Verfügung gestellt. 
Die Empfehlungen behandeln folgende Schwerpunkte: 
• Anforderungen an Versuchsaufbau und Qualität der Eingabedaten
• Hinweise zur Datenauswahl und Durchführung von Simulationen
• Beurteilung der Ergebnisse der VaLidierung.
Stichwörter: Simulationsmodelle, Validierung, Versickerung von POan­
zenschutzmitteln, Empfehlungen für Simulationsrechnungen, Datensamm­
lung für kulturspezifische Szenarien 
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1 lntroduction 
Over the past few years the use of simulation models has been con­
stantly gaining in importance, in particular to predict the transloca­
tion of pesticides. High demands are made to exactness and reliabil­
ity of model calculations, especially if they are resorted to within 
registration procednres. Therefore, the models available have to be 
examined carefully as to their practical suitability for the intended 
field of use. 
To allow a "validation" of simulation models, values obtained 
with the help of the calculation programme and the results of expe­
rirnents must be compared. In this paper recommendations are given 
on calculations for model validation. 
These recommendations are a sumrnary of experience with and 
discussions of model calculations of the leachjng behavionr of pes­
ticides in the working group "Lysimeter Evaluation - Model Vali­
dation" at the Fraunhofer-Institut für Umweltchemie und Ökotoxi­
kologie and the working group "Simulation Models" of Industrie­
verband Agrar e. V (IVA). 
Since the interaction of active substances and the environment is 
highly cornplex, a multitude of different scenarios can be found in 
nature. Their detailed description would go beyond the scope of this 
guideline. However, in contrast to most other chemicals, ample in­
formation is available to predict the environmental behaviour of pes­
ticides. Consequently, model users are rarely faced with the problem 
not to have sufficient data material for a model simulation. 
The major difficulty in the actual calculation is rather to scrutinize 
and to prepare existing data before they become input. Further cru­
cial points are the qualified handling of the rnodel and the final as­
sessment of results. 
For far-reacrung extrapolations in terms of time and space and for 
predictions in very low concentration ranges, demands to data mate­
rial must be very high indeed. This guideline describes basic require­
ments for study design and data quality. Practical advice is given on 
data selection and calculations for scenarios frequently found in 
everyday farming. 
Information taken from literatnre has been compiled so that values 
not obtained in experiments can be added if needed, when creating 
crop-specific scenarios. Descriptions of special cases and explana­
tions of a more theoretical character have been deliberately avoided. 
In exceptional cases it may become necessary to deviate from the 
course of action desc1ibed here in order to reflect actual conditions 
with sufficient exactness. Furthermore, new developrnents in the 
rnodelling sector and the state of science have to be taken into ac­
rnunt, and the programmes to be tested must be managed by quali­
fied staff. 
The first step in the review of any model is to include with the best 
possible completeness all significant experimental boundary condi­
tions and test results in the predicted range of interest. 
Data on an active substance's translocation behaviour under field 
conditions can be obtained in lysimeter experiments and in field 
tests. Since these experiments and tests do not usually provide the 
füll information needed to service the model, further specific studies 
on substance behaviour and studies reflecting environmental condi­
tions (soil, plant, climate) have to be included. 
All relevant experimental details and individual results from these 
tests must be incorporated in the documentation for a validation cal­
culation. This has to be done mainly for the following reasons: 
Firstly, mathematical functions describe degradation and transporta­
tion processes so that they are a more or less close approximation of 
the natural processes. Secondly, the effects of various processes 
jointly bringing about the transformation or the distribution of a sub­
stance are frequently included in the form of lumped values only. 
Here, the different biotic and abiotic processes leading to an active 
substance's degradation are a good example. 
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Therefore, both with regard to programrne use and subsequent as­
sessment of simulation results it is important to state exactly what 
processes are described by each (individual or summary) measured 
value. Study results obtained under conditions that characterize best 
the situation in field tests are to be marked to make clear what rneas­
ured values are to be preferred in the validation calculation and 
which ones have become input. The approach chosen in the selection 
of data for the simulation calculation is thus transparent and repro­
ducible. 
In certain cases the available functions and/or data sets may cause 
the impression tbat tbe model to be tested is unsuitable for a oiven 
use. This rnay happen mostly if the rnodel cannot provide a sufficient 
mechanistic explanation of phenomena observed in nature. 
On completion of the validation test, the exactness of predictions 
obtained in the model and the examination 's scope of validity are to 
be stated. Study type, matrices examined, concentration ranoes and 
number and scope of the tests performed should be described� On the 
basis of this information users must be able to judge whether the 
model in question is suitable for predictions in a given field of use. 
2 Selection of input data 
2.1 Degradation behaviour 
A substance's degradation behaviour in the soil is determined by its 
physico-chemical properties and the environrnental conditions. 
Mechanisms like microbial degradation (co-/metabolic), hydrolysis, 
photolysis and bonding can influence the degradation rate in differ­
ent ways, depending on the individual substance. Special properties 
of an active substance may require a substance-specific description 
of behaviour (e.g. volatilization). 
Substance transformation can be brought about by different mech­
anisms and in various compartments. Frequently single-compart­
ment models with kinetics of the 1st order are used to calculate 
degradation. 
The function used to describe the active substance's de!!.radation 
kinetics must be consistent with the function in1plement:d in the 
Simulation model. lt is, for example, not permissible to use results 
from lest evaluations with kinetics not equal to the Ist order in mod­
els interpreting respective input in concentration-independent half­
life values5) from kinetics of the 1st order. In such cases, residue val­
ues must be reevaluated to obtain a function according to the 1st or­
der if the available data material allows a statistically substantiated 
fit. 
Kinetics may be studied both in field tests and in laboratory ex­
periments. However, there are basic differences between field and 
laboratory. 
Field tests are open systems influenced by environmental factors. 
The effects of various processes leading to the active substance's 
degradation within the studied systern or to the substance's disap­
pearance from the system are mostly recorded as sum parameters 
only. Therefore, results from field tests are characterized by the DT-
50 value6). Consequently, possibly used sub-models for the separate 
calculation of individual degradation and distribution processes 
must be excluded when using the sum parameter DT-50 to describe 
the active substance's degradation/disappearance. 
In contrast, laboratory experiments are conducted in closed sys­
tems. Here, an alrnost complete balance of the active substance's fate 
is possible. Under constant test conditions the actually degraded 
quant1ty of the active substance can be largely measured. 
5) Period of time needed for the degradation of 50 % of the acti ve 
substance. 
6) Period of time needed for the "disappearance" of 50 % of the active 
substance. 
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K.inetics measured in laboratory experiments may be highly suit­
able for the calculation of "half-life values" in the meaning of model 
input. 
The influence of individual factors can be measured separately 
and summed up in adequate sub-models. 
However, in degradation studies performed in laboratories it must 
not be forgotten that these tests are often not suitable to ascertain the 
test substances' degradation kinetics. 
Because of the limited energy available, the biological activity of 
soils incubated in the laboratory strongly decreases, especially over 
prolonged test periods (> 100 d). This is why laboratory soils should 
be of sufficient biological activity and should not show an excessive 
loss in biomass throughout the test period. 
Some laboratory soils are prepared at a much higher dosage as 
compared with field tests in order to gain reliable information on me­
tabolism, or laboratory studies are carried out with unsuitably stored 
and, therefore, damaged soils. This was frequently the case in older 
studies. 
For these reasons, laboratory studies - unlike field tests - not al­
ways reflect the active substance's actual degradation behaviour in 
the soil under conditions of relevance to the translocation behaviour. 
Consequently, test results of and framework conditions for labora­
tory studies (e.g. data on biomass) have to be thoroughly checked re­
garding their informative value within the model calculation. 
Concerning their suitability to describe degradation behaviour for 
the validation experiment, the different test types can be character­
ized as follows: 
1) K.inetics from parallel field testing
2) K.inetics from parallel laboratory studies
3) K.inetics from laboratory studies comparable with the validation
experiment
4) K.inetics from field testing comparable with the validation exper­
iment
5) Mean kinetics from field tests
6) Mean kinetics from laboratory studies
Preference is given to kinetics of the 1st order obtained under as
constant as possible boundary conditions. Furthermore, the first two 
levels in the preceding scale are to be definitely preferred. 
A separate test plot in the immediate proximity to the actual vali­
dation experiment and intended to determine the degradation rate al­
lows an exact description of the test substance's degradation behav­
iour for the validation calculation (level 1 ). Therefore, a parallel de­
terrnination of substance degradation in the soil in the field lest on 
which the validation is based should be performed within these ba­
sic studies for model validation. This is recommended to obtain ex­
act data on degradation kinetics. 
Tiering of the following four alternatives is much more difficult 
and essentially depends on the quality of the data sets available. For 
this reason, no generally applicable hierarchy can be given which re­
flects also in individual cases the suitability of studies for the de­
scription of substance behaviour with respect to the validation ex­
periment. 
If a comparable laboratory or field test is available, it should be 
used (levels 3 and 4). 
To the extent that a laboratory degradation test has been performed 
with the soil from the validation experiment, kinetics obtained 
therein should be used (level 3). At this level the laboratory study is 
to be preferred, because the constant boundary conditions allow a 
better transposal of results as compared with field tests. However, 
laboratory soils should be of sufficient biological activity through­
out the test period. 
A careful examination of possibly suitable studies on the basis of 
selection criteria given in the subsequent text of this paper is of great 
importance (!ist of parameters see below). 
If no comparable test approach can be identified with the help of 
the given criteria, mean kinetics should be used (levels 5 and 6). 
U sing mean values is intended to increase the probability of a cor­
rect inclusion of the active substance's degradation behaviour. 
In this case, field tests (level 5) should be preferred to laboratory 
studies, because field tests are not subject to the previously men­
tioned limitations (decreasing biomass etc.). 
To calculate mean kinetics there is the possibility to determine a 
mean DT-50 value out of the DT-50 values obtained in field tests. 
This presupposes that all available evaluations were made to the Ist 
order. If this is not the case, the individual values obtained in all stud­
ies can undergo a new joint evaluation if preceding evaluations of 
single kinetic studies have resulted in different orders. 
Analogous procedures can be used for laboratory studies, if dif­
ferent evaluations have originally been applied. 
For field degradation tests the following parameters have to be 
stated: 
- Contents of organic carbon
- Contents of sand, silt and clay
- pH value
- Average temperatures and precipitation quantities
- Date/time of application, quantity applied and test duration
- Details on biomass
- Test site
For laboratory degradation tests the following parameters have to be 
stated: 
- Contents of organic carbon
- Contents of sand, silt and clay
- pH value
- Temperature
- Soil hurnidity
- Origins of the soil
- Test duration and active substance concentration
- Details on biomass
If used in the calculation, the duration of the field tests should
have been in adequate proportion to the obtained DT-50 values. If 
possible, the test substance should have been degraded by 75 % in 
the course of the experiment. 
To the extent that results on the active substance's degradation be­
haviour in the deeper soil layers are available, these should be used 
instead of the biodegradation factors (calculated from rnicrobial ac­
tivity for lack of other information). Furthermore, it is to be taken 
into account that processes not depending on soil depth and not 
linked with biomass can be of great importance in degradation (e.g. 
hydrolysis). 
If necessary, a new degradation constant is to be calculated from 
biotic and hydrolytic degradation. 
To date there is no sufficient clarity how to express in terms of 
quantity the influence of temperature and humidity in field tests on 
substance degradation in the soil and its modelling. 
Two approaches rnight provide a solution how to include the in­
fluence of temperature and humidity when using kinetics from field 
tests: 
Active substance degradation studies performed in field soils incor­
porate the natural influence of temperature and humidity, anyway. 
Therefore, the additional activation of implemented sub-models for 
the calculation of the degradation rate's dependence on temperature 
and hurnidity on the basis of a defined standard temperature seems 
to be superfluous. 
If measured values on mean temperature and humidity become 
available in the course of the study, these data can be taken as a ref­
erence basis for the sub-model to correct input on the influence of 
temperature and hurnidity. 
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When using results from lab studies, the correction functions for 
calculating the intluence of the above mentioned environmental fac­
tors should be activated. 
2.2 S01ptio11 
The sorption behaviour is generally described in the form of a sorp­
tion isotherm according to Freundlich, determining parameters Kr 
and 1/n (Freundlich exponent). 
In the validation of simulation models, the test substance's sorp­
tion behaviour should be examined in the soils used in the field lest 
on which the validation is based. If no such data are available, val­
ues on sorption behaviour can be taken from studies performed with 
other soils for Lack of other input. 
Here, it is to be checked that the following soil properties largely 
correspond to those in tbe field test: 
Contents of organic carbon 
- Contents of sand, silt and clay
Depending on the substance, it may become necessary to take fur­
ther properties into account (e.g. pH value).
Should study results from several soils be available, the laboratory 
soil that can be compared with the soil in the field study is to be 
marked. Thus sorption studies can be brought in the following hier­
archy reflecting thei.r suitability for tbe use of data in model calcula­
tion: 
1) Parameters measured in the respective field soil
2) Parameters measured in a comparable soil
3) Mean values for Kr and 1/n from results obtained in several soils7)
For sorption tests tbe fo!Jowing parameters are to be stated: 
Contents of organic ca1·bon in the soil 
- Contents of sand, silt and clay
- pH value
Origin of the soil
- Kr, 1/n, Koc 
Detailed information on test conditions in the Sorption experirnent
(e.g. temperature, equilibrium adjustment periods, pretreatment of 
the soil, concentration range of measurement) a1·e desirable. 
If results of the active substance's sorption in deeper soil layers 
are available, these results should be used when modelling tbe ad­
sorption behaviour. For Jack of other input, the adsorption coefficient 
can be calculated from the Koc value of the top soil used in the vali­
dation experirnent (or from the Koc value of a comparable soil) and 
the carbon contents of the soil profile. 
When characterizing tbe sorption behaviour it may becorne nec­
essary to take into account specific properties of the active substance 
as to their effects on the bonding with elements of the soil. (This also 
applies in the characterization of degradation.) In this connection 
e.g. the preferred adsorption of certain substances to the clay frac­
tion or the sesquioxides of the soil is to be emphasized. Wbere such
correlations can be identified, these correlations should be used in
the calculation of adsorption coefficients.
If no Freundlich exponent is available for the deeper soil layers, 
the value determined in a comparable top soil - allowing the best 
possible approximation - can be used also for deeper soil layers. 
Where no Freundlich exponent at all is stated, an exponent of 0.9 
- being an empirical value - can be used.
In cases involving dissociating substances, the pH value of tbe soil
can be of decisive importance (GREEN and KARICKHOFF 1990). For 
these substances Koc values obtained in soils of an acidity compara­
ble with the acidity of the soil to be modelled should be preferred. 
7) In case no soiJ comparable with the soil in the field experiment can be
identified. 
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2.3 Plant 
The plant must be modelled using a crop-specific scenario, taken 
into account the crop's growth stage as weil as the crop's and the lo­
cation 's typical evapotranspiration rates. 
The following data a1·e to be obtained in the field study: 
Maximum root depth 
Maximum ground cover 
Development of ground cover in terms of time 
Yield (green and dry weight) 
Time of emergence 
Time of maturity 
Harvest time 
- Active substance concent.ration in plant biomass.
Where these data have not been obtained in the experiments,
sources from literature sbould be checked as to their usefulness. 
However, in wide areas of agricultural practice generally valid 
data on cultivation management, phenology and physiology must be 
given with reservations. It is only natural that over various years and 
in different regions considerably diverging results are obtained. 
Moreover, in some cases the application scenarios typical of the 
given substance and crop are to be described in detail and in a vari­
ety-specific approach. Wben compiling data taken from literature, 
consistence with the natural course of plant growtb in field testing 
must be maintained, and artefacts are to be avoided (e.g. overlapping 
vegetation periods of rotational crops). 
The data on physiology and phenology of crops as given in table 
1 are recommended in Germany when setting up scenarios typical of 
the most important arable crops and have been made available for 
the simulation model PELMO 2.01 (Table 1). 
lt has been tried to select the best possible representative or aver­
age values, permitting a simulation for frequently cultivated crops. 
These data were compiled on the basis of the following sources: 
BROUWER 1976, FISCHBECK et al. 1982, HERZOG 1986, KLAPP 1967, 
KUTSCHERA 1960, REINER et al. 1981, 1983, 1985, 1988, RENIUS and 
LüTKE ENTRUP 1985, Ruhr-Stickstoff Faustzahlen 1988, SPERBER et 
al. 1988. 
Haude factors are used to calculate potential evapotranspiration . 
A summary of crop-specific Haude factors for maize, sugar beet, 
wheat and grass was given by VAN EIMERN and HÄCKEL (1979). 
A revised and completed summary of Haude factors was pub­
lished by VDI in 1993. These data seem to be particularly suitable 
for the calculation of crop-specific evaporation rates. 
Haude factors are only valid in the climatic region where they 
were established. Outside this climatic region they are only suitable 
to describe crop-specific differences. 
2.4 Soil properties, climate, water ba/a11ce 
ln the foUowing, parameters are summarized up that are found in 
models frequently used at present and that are thought to be of rele­
vance. 
ln the vaLidation the following soil properties should be known: 
- Contents of organic carbon
Contents of sand, silt and clay
pH value
Cation exchange capacity
Density
Permeability
Porosity
Biomass
Soil humidity (as a function of time and/or mean values)
Soil temperatures (as a function of time and/or mean values)
Field capacity
Permanent wilting point (possibly pF curve)
- Evapotranspiration rates
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Table 1. Crop-specific values 
Crop Silage Maize Grain Maize Wi-Rape Sugar Beet 
Rooth depth 160 cm 160 cm 130 cm 150 cm 
(max.) 
Grd. cover 100% 100% 100% 100% 
(max.) 
Dry matter• 1.35 kg/m2 1.05 kg/m2 1.0 kg/m2 2.1 kg/m2 
Green matter• 4.5 kg/m2 3.0 kg/m2 1.1 kg/m2 11 kg/m2 
Emergence 05.05. 05.05. 02.09. 15.04. 
(17-21. cw) (17-21. cw) (33-36. cw) (13-17. cw)** 
Maturity••• 15.09. 28.09. 05.07. 01.10. 
(36-40. cw) (39-40. cw) (25-27. cw) (37-40. cw) 
Harvest 20.09. 15.10. 28.07. 10.10. 
(38-40. cw) (41-44. cw) (28-32. cw) (39-47. cw) 
Crop Wi-Wheat Spr-Wheat Wi-Barley Spr-Barley 
Rooth depth 140 cm 110 cm 110 cm 90 cm 
(max.) 
Grd. cover 100% 100% 100% 100% 
(max.) 
Dry matter 1.4 kg/m2 1.1 kg/m2 1.3 kg/m2 1.0 kg/m2 
Green matter 1.5 kg/m2 1.2 kg/m2 1.4 kg/m2 1.1 kg/m2 
Emergence 05.11. 01.04. 05.10. 07.04. 
(41-50. cw) (12-14. cw) (40-41. cw)(13-15. cw) 
Maturity 10.07. 20.07. 15.06. 05.07. 
(27-29. cw) (29-30. cw) (24. cw) (27-28. cw) 
Harvest 10.08. 20.08. 10.07. 25.07. 
(29-32. cw) (32-34. cw) (27-29. cw) (29-31. cw) 
Crop Oat Field Beans Potato Forage Grass 
lntercrop 
Rooth depth 120 cm 100 cm 90 cm 70 cm 
(max.) 
Grd. cover 100% 100% 90% 100% 
(max.) 
Dry matter 1.0 kg/m2 0.86 kg/m2 2.0 kg/m2 0.53 kg/m2 
Green matter 1.1 kg/m2 0.93 kg/m2 5.4 kg/m2 2.5 kg/m2 
Emergence 07.04. 10.04. 10.05. 25.08. 
(13-15. cw) (12-15. cw) (14-20. cw) (33-38. cw) 
Maturity 20.07. 05.08. 20.08. 15.03. 
(29. cw) (30-32. cw) (22-41. cw) (dep. on 
seed. date) 
Harvest 10.08. 25.08. 15.09. 15.03. 
(31-33. cw) (33-36. cw) (22-41. cw) (several 
harvests 
pass.) 
Note: Very large differences depending on variety and use for matu­
rity and harvest of potatoes and grass 
total plant biomass without roots (grains + straw, beets + leaves, 
tubers + foliage) 
possible range given as calendar week (cw) in brackets 
... "maturity" is defined as end of the growing processes of the crop 
(BBCH-Code: ca. 75) or as technical maturity 
Whenever possible, these data should be given in a horizon-spe­
cific form. 
The following climatic data should be recorded: 
- Air humidity at 14.00 hrs (daily)
- Radiation intensity (daily mean value)
- Quantity of precipitation (daiJy) at ground level and I m above
ground level 
- Heavy rainfall: maximum quantity/hour
- Temperature at 14.00 hrs (daily)
- Minimum temperature (daily)
- Maximum temperature (daily)
- Mean temperature (daily)
- Evaporation (daily)
- Number of rainfalls
- Mean duration of rainfalls
- Albedo
- Cloud coverage
- Wind velocity I m and 2 m above ground level.
2.5 Applicatio11 of the active substa11ce 
The active substance's application should be modelled in a way that 
exactly reflects its application in the field study. 
If the substance is applied in the form of a spray application onto 
a bare ground soil the appUcation depth is to be O cm. 
Where the active substance is applied onto plants of the target 
crop, the active substance's distribution between the soil and the 
plant surface is to be modelled in a way that reflects the actual 
ground cover. 
3 Evaluation 
3. 1 Basis of co111pariso11
The following results from model predictions are to be compared 
with results obtained in experiments as regards congruence: 
Water bala11ce 
- Leaching water (as a function of time and cumulated water quan-
tity)
- Soil humidity (as a function of time)
- Evapotranspiration (as a function of time)
- Surface runoff (as a function of time and cumulated water quan-
tity, ratio water/sediment)
Tra11sportatio11 of chemicals 
- Concentration of the active substance in the individual soil layers
- Active substance in leaching water (leached amount, mean con-
centration measured throughout the test period, as a function of 
time) 
- Active substance in slllface runoff 
3.2 Assess111e11t of results 
The following criteria are proposed as preliminary orientational cri­
teria to assess the exactness of model calculations. Depending on the 
results of ongoing validation studies, these criteria have to be com­
pleted and modified if necessary. 
When assessing differences between the prediction and the 
experiment's results, the variabiUty of input parameters for 
simulation calculation is to be taken into account. This also holds 
true for the variation of experimental results from the validation 
study. 
Each measured value obtained in experimentation is to serve as a 
reference point for the calculation of variance. If several measured 
values (studies) are available, these should be examined from statis­
tical aspects. Percentile classes can provide a basis for the assess­
ment of differences (e.g.: 90 percentile). 
Water balance 
The ratio between the precipitation (rainfall plus irrigation) and the 
percolated water must be reasonable. 
Leaching water quantity and development in terms of time of 
leaching water should be reflected by the model. 
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The differences between the calculated leaching water quantity on 
tbe one hand and tbe measured leaching water quantity on the other 
should not exceed 25 % for a 1-year period. 
Active substance co11ce11tratio11s in the soil profi/e at the end of the 
st11dy 
The differences between calculated and measured active substance 
concentrations in the soil profile should not exceed factor 2. 
In low concentration ranges (< 0.05 mg/kg) !arger divergencies 
a.re tolerable.
Active substance in /eaching water 
With regard to active substance concentrations in leaching water, the 
following differences between values obtained in calculation on the 
one hand and values obtained in experimentation on the other should 
not be exceeded: 
For the range from 10 to 100 µg/1 = maximum difference by 
factor 2 
For the range from l to 10 µg/l = maximum difference by factor 5 
For the range below 1 µg/1 = maximum difference below factor 10 
In the concentration range below l µg/1 and in particular below 
0.1 µg/1, assessments are only possible after a prolonged study 
period (at least 1 year). 
If the differences between the model prediction and values ob­
tained in experiments as proposed above and considered to be ad­
missible are exceeded, it is to be examined whetber the functions im­
plemented in the programme and the input data used are suitable to 
realistically reflect the processes to be simulated. 
Further ways to examine the exactness of model predictions can 
be found at LOAGUE and GREEN ( 1990), MUELLER et al. ( 1992), PAR­
RJSH and SMJTH (1990), PENNEL et al. (1990). 
3.3 Validation status 
On completion of the validation study, the model's ascertained ex­
actness of prediction, the suitable field of use and possibly existing 
limitations are to be stated. 
For this purpose, information is needed on the test type, compart­
ments examined, concentration ranges as weil as number and scope 
of studies performed. The information given must enable potential 
users to judge the programrne's suitability for the intended use. 
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